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Abstract 
Sericin is a water-soluble protein derived from silkworm Bombyx mori, represents about 30 % of the cocoon weight 
and consists of 18 kinds of amino acids, with strong polar side groups, especially acid aspartic and serine. These 
contribute for many physical and biological properties like: antioxidant activities; suppress of lipid oxidation and 
inhibit of tyrosinase activity. The aim of this study was to evaluate different extraction process and recovering the 
high molecular sericin with Ultrafiltration process. Sericin was extracted from Bombyx mori cocoons, at different 
temperatures and different cocoons concentrations. Sericin solution was treated by ultrafiltration process with 
polysulfone membrane of 50 kDa, feed flow of 1.0 and 2.0 L min-1, concentration in sericin solution of 0.1 g L-1 and 
1.0 g L-1, at different transmembrane pressure. The temperature showed strong influence in the degumming process 
by hot water while the cocoon concentration did not have statistically significant influence in the extraction. The 
highest values extraction, 22.5 ± 0.4 % and 24.5 ± 0.4 %, were obtained at 120 ºC and 127 ºC, respectively, with 
molecular weight distribution between 200 kDa and 100 kDa, while the extraction with Na2CO3 showed extraction 
yield of 30.1 ± 0.9%, but molecular weight lower than 50 kDa. In ultrafiltration process, the sericin concentration has 
significant influence; while the feed flow did not have significant influence in permeate flux. High transmembrane 
pressure increased the resistance of permeability, reducing the permeate flux. The maximum value of permeate flux 
for sericin solution of 0.1 g L-1 was 104.6 ± 9.7 kg m-2 h-1 obtained  with transmembrane pressure of 0.15 MPa, while 
for the sericin solution of 1.0 g L-1 the permeate flux was statistically equal for 0.05 MPa, 0.07 MPa and 0.09 MPa. 
The permeate solution showed molecular distribution lower than 50 kDa, while the retentate solution showed the 
molecular weight distribution about 200 kDa.           
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Nomenclature 
 
ANOVA Analysis of variance 
DF Degree of freedom - ANOVA 
EF Extraction yield of sericin, (%) 
F F value - ANOVA 
HPLC High Pressure Liquid Chromatography 
Jp Permeate flux, (kg/m2h)  
Mi Mass of the cocoon before the extraction, (g) 
Mf Mass of the cocoon after the extraction, (g) 
Mp  Permeate mass, (kg) 
MS Means Square - ANOVA 
Na2CO3 Sodium Carbonate 
p probability p - ANOVA  
S  Membrane surface area (m2) 
SS Sum square - ANOVA 
t Time, (h) 
1. Introduction 
Silk manufacturing is one of the industrial sectors where the consumption of water is intensive  
resulting in large volume of wastewater. The degumming process used for elimination external sericin 
before dying, contributes with the increase of these volume [1, 2]. Natural raw silk, is composed mainly of 
two kinds of protein, sericin and fibroin, salts and fatty acids. Fibroin is a single protein that is insoluble 
in hot water while the sericin is a kind of water-soluble globular protein, representing as a tube outside the 
silk fibroin with the molecular weight distributed between 10 kDa and 300 kDa [3,4]. In the degumming 
process, sericin is removed by partial hydrolysis in the synthetic soap solution (Marseille Soap and 
Sodium carbonate, at 95 °C for 1 hour), and reduces the natural molecular weight at 20 kDa [5,6].  
 
Sericin constitutes about 20 – 30% of the total cocoon weight consists of 18 kind of amino acids, and 
characterized by high content of serine, which accounts about 38 mol%. In the traditional degumming 
process, sericin was usually discharged in wastewater, with a substantial contribution to the total organic 
charge [7, 8]. However, in recent years the range of possible end-uses of sericin is considerably increasing 
[9]. Sericin peptides can be applied in cosmetics formulations, including skin and hair care products [7]. 
In food industry, sericin peptides showed functional properties to development of new products with like 
antioxidant properties and metal ion-chelating activity due the high amount of hydroxyl bonds, derived 
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from the some amino acids like serine and acid aspartic [10,11]. In additional, the sericin can proves 
excellent moisture absorption and released properties, it is antibacterial, UV resistance and 
pharmacological functions such as anticoagulation, anti-cancer and inhibitory action of tyrosinase [12, 
13]. The traditional degumming process promotes the partial degradation of chain sericin. These 
hydrolyzed protein losses functional properties, like antioxidant capacity, gelling capacity and mechanical 
structure.  
 
The recovered sericin with natural structure can be applied in many uses of biofilms developed and 
structural materials [7, 14]. In tissue engineering, sericin with high molecular weight can be used to 
induce the oriented crystallization from biomaterials, like hidroxyapatite. In this case, sericin improved 
the biocompatibility due the high moisture absorption capacity [15, 16]. In development of industrial 
process, sericin with high molecular weight showed an interesting natural source to development of some 
membranes and films applied in membrane process, like pervaporation [17].        
 
The recovery and recycling sericin byproducts from degumming process could be significant economic 
and social benefit. In this case, membrane process can be applied to recovering sericin from wastewater 
with low cost of energy. Fabiani et al. [1] applied ultrafiltration process (membranes with cut-off 15 – 20 
kDa) with objective of recovering all sericin present in wastewater. In this study, the authors obtained 
sericin rejection between 94 - 97 % but detected a several flux decline of 90 %. Capar et al. [18] applied 
Ultrafiltration and Nanofiltration from cocoon coocking wastewater. They obtained low rejection in 
Ultrafiltration (between 37 – 60 % with ranging of membranes of 20 kDa at 1 kDa) and high rejection 
with Nanofiltration (higher than 90%). In this case, the degumming process hydrolyzed the sericin and the 
decreased the efficiency rejection. All experiments showed high decreased of permeate flux due the 
fouling effect of the sericin.        
 
In this context, it was focused on the study of alternatives for the degumming process to extract sericin 
without chemical additives and the purification with ultrafiltration process to recovering sericin with high 
molecular weight.  
   
2. Material and Methods 
 
The extraction processes were conduced with hot water extraction, with cocoons from Bombyx mori 
provide from northwest region of Paraná, Brazil. Cocoons were cut into small pieces to help the 
extraction. Some amount of chopped cocoon was deposited in 250 mL of deionized water, into an 
Erlenmeyer. The extraction were done in Autoclave (PhoenixTM, model AV – 30) for evaluating different 
cocoons concentrations (10 g L-1, 30 g L-1 and 50 g L-1) and temperature extraction (111 °C, 120 °C and 
127 °C). Also, it was promoted an extraction with aqueous solution with Na2CO3 (Anhydrous 99.5%, 
VETEC, Brazil) at 5.0 g L-1 and 120 °C. The extraction yield (EF) was evaluated by gravimetric method 
Eq. 01. 
 
EF = [1 – Mf / Mi] . 100                (1) 
 
Where: EF is the extraction yield (%), Mf is the dried cocoon mass after the extraction (g) and Mi is 
the initial dried cocoon mass before the extraction (g).  
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The extracted solution with hot water process was treated in a cross-flow ultrafiltration process (PAM 
MembranasTM, Brazil) with hollow fiber membrane of polyethersulfone (50 kDa and surface area of 3.2 
cm2). Ultrafiltration was carried out under total recycling mode and evaluated the permeate flux and 
molecular weight of permeate and retentate solutions. It was available the effect of the feed flow (1.0 and 
2.0 L min-1) and initial sericin concentration (0.1 g L-1 and 1.0 g L-1) for different transmembrane 
pressures: 0.03 MPa, 0.05 MPa, 0.07 MPa, 0.09 MPa, 0.12 MPa and 0.12 MPa. The permeate flux was 
evaluated by gravimetric method [19], by Equation 2. 
 
Jp = Mp / t . S                 (2) 
 
Where: Jp is the permeate flux (kg /m-2 h-1), Mp is permeate mass (kg), t is time (hour) and S is the 
membrane surface area (m2).  
 
The rheological behavior of the sericin solutions was evaluated in the viscosimeter (BrookfieldTM DV – 
II+ Pro and software Rheocalc V3 1-1 and cylindrical standard spindle SC-18) at room temperature. The 
molecular weight distribution was measured with size exclusion chromatography HPLC (MerckTM Hitachi 
LaChrom, with quaternary pump L-7100, autosampler L-7250, refractor index detector L-7490 and a 
module of heater column L-3000). The standard molecular weight used was the Pululan polysaccharide, 
with the standard of molecular weight: 20 kDa, 50 kDa, 100 kDa, 200 kDa, 400 kDa e 800 kDa. 
 
All experiments were conduced in triplicate and the results were expressed in terms of means and 
standard deviations. The analysis of variance was then performed for the treatments. Tukey’s test was 
used to compare means with 5% significance level. The software Statistica 7.0 (StatsoftTM, USA) was 
used for statistical analysis.   
   
3. Results 
 
The extraction yields of sericin are showing in the Table 1. ANOVA indicated only the significant 
influence of the temperature on the extraction efficiency. Extraction process conduced at 111 °C showed 
low extraction yield, between 14.0 ± 0.7 % until 15.1 ± 1.1 % for all cocoon concentration; while for 120 
°C and 127 °C higher yields were observed (22.5 ± 0.4 % to 24.0 ± 0.5 %). The standard extraction, 
conduced with Na2CO3 (5.0 g L-1) at 120 °C, showed maximum extraction yield of the 30.1 ± 0.9 %. High 
temperatures decrease the hydrogen bonding stability, formed by the binding between the various 
hydroxyl groups, allowing the interaction of water with  hydroxyl  groups of the polar amino acids [20].    
 
The rheological profile indicated a Pseudoplastic behavior for aqueous sericin solutions obtained for 
hot water extraction with cocoons concentration of 30 g L-1 and 50 g L-1. All cocoon concentrations 
showed the same extraction yield, then, the higher amount of the sericin extracted for the same amount of 
water. In this case, at room temperature, increase the interactions between hydroxyl groups of the polar 
amino acids, allowing the gelling of the aqueous sericin solution. However, the solution with lower 
sericin concentration (in this case, the extraction solution with cocoon concentration of 10 g L-1), showed 
Newtonian fluid behavior (Figure 1). 
 
The profile of molecular weight of sericin extracted with pure water at high temperature showed peaks 
between 200 kDa and 100 kDa and sericin peptides fractions lower than 100 kDa, while the sericin 
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solution extracted with Na2CO3 showed molecular weight lower than 50 kDa, thus indicating further 
chemical hydrolysis of sericin (Figure 2(a)). 
 
Table 1. Sericin extraction yield for different extraction conditions 
 
Cocoon concentration (g L-1) Temperature (ºC) Extraction yield (%) 
10 111 15.1 ± 1.1b 
30 111 14.0 ± 0.7 b 
50 111 15.0 ± 0.3 b 
10 120 22.8 ± 0.2 a 
30 120 23.9 ± 0.5 a 
50 120 22.5 ± 0.4 a 
10 127 22.6 ± 0.4 a 
30 127 23.3 ± 0.1 a 
50 127 24.0 ± 0.1a 
* Means with different letters represent statistically difference according to the Tukey’s test (P < 0.05). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Rheological profile of different sericin extracted solutions. 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Molecular weight profiles of sericin solutions: (a) Extracted and (b) ultrafiltration process. 
( (
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The sericin solution obtained from the extraction process was treated in an Ultrafiltration system. It 
was fixed the sericin concentration in 0.1 g L-1 and 1.0 g L-1to evaluate the effect of the sericin mass 
variable in the permeate flux. The feed flow rate presented statistically significance in permeate flux for 
transmembrane pressure above 0.03 MPa (p < 0.05), as showed in the Tables 2 and 3, while the sericin 
concentration showed statistically significance for all range of transmembrane pressure studied. In this 
study, the increased of the feed flow promoted the small reduction of the permeate flux. For the feed flow 
of 1.0 L min-1 and 2.0 L min-1, the cross-flow velocities estimated were 0.1 m s-1 and 0.2 m s-1, 
respectively. The difference between feed flow proposed did not change the Laminar flow regime, thus 
the surface renewal did not change. However, the amount of sericin near the membrane surface for the 
feed flow 2.0 L min-1 was higher than 1.0 L min-1, what could have increased the resistive effects and 
promoted the small slight of the permeate flux.     
 
Table 2. ANOVA of effects in transmembrane pressure of 0.03 MPa. 
 
Factor SS DF MS F p 
Concentration 
(g L-1) (1) 94.6033 1 94..60332 7.158272 0.036756* 
Feed Flow  
(L min-1) (2) 
3.9792 1 3.97923 0.301093 0.603002 
1 X 2 0.0000 1 0.00002 0.000001 0.999169 
Error 79.2957 6 13.21594   
Total SS 181.8360 9    
* Significant parameter 
 
Table 3. ANOVA of effects in transmembrane pressure of 0.05 MPa. 
 
Factor SS DF MS F P 
Concentration 
(g L-1) (1) 1307.874 1 1307.874 88.08138 0.000014* 
Feed Flow  
(L min-1) (2) 
183.597 1 183.597 12.36473 0.007888* 
1 X 2 10.273 1 10.273 0.69188 0.429652 
Error 118.788 8 14.848   
Total SS 1620.532 11    
* Significant parameter 
 
 The Figure 3 showed the dependence of the permeate flux to transmembrane pressure, for each 
concentration fixed at feed flow of 1.0 L min-1. For low concentration, in this study of 0.1 g L-1, high 
values of transmembrane pressure presented best values of the permeate flux, since the small amount of 
protein could not forming a surface resistance. However, for high amount of sericin, can be forming some 
of resistance mechanism, like cake filtration and polarized layer, then, the permeate flux behavior showed 
a maximum permeate value for low value of transmembrane pressure, since the surface resistance 
increase with high value of transmembrane pressure.        
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Fig. 3. Permeate flux for different transmembrane pressure at feed flow of 1.0 L min-1. 
 
For low concentration, in this study at 0.1 g L-1, high values of transmembrane pressure presented best 
values of the permeate flux, since the small amount of protein could not forming a surface resistance. 
However, for high amount of sericin, some resistance mechanism can be forming, like cake filtration and 
polarized layer [19, 21], in this case, the permeate flux behavior showed a maximum permeate flux for 
low values of transmembrane pressure, since the surface resistance increase with high values of 
transmembrane pressure. The maximum permeate flux obtained for sericin solution of 0.1 g L-1 was 104.6 
± 9.7 kg m-2 h-1 to transmembrane pressure of 0.15 MPa, while for sericin solution of 1.0 g L-1 the 
permeate flux obtained for the 0.15 MPa transmembrane pressure was 31.9 ± 4.3 kg m-2 h-1, 
corresponding to 69.4 % of permeate flux reduction between these concentrations studied. At 0.07 MPa, 
the permeate flux obtained was 42.0 ± 6.1 kg m-2 h-1, statistically equal to the obtained at 0.05 and 0.09 
MPa.     
 
The molecular weight fraction obtained from retentate and permeate of the ultrafiltration process are 
showed in Figure 2(b). The retentate flow presented large amount of molecules with high molecular 
weight, above 200 kDa, while the permeate flow showed groups of molecules with 200 kDa, due the 
initial process when did not appear resistance on the surface of the membrane, and a large molecular 
group of molecules lower than 50 kDa. 
         
4. Conclusions 
 
The extraction with high temperature, above 120 °C and without chemical additives, afforded 
extraction yield between 22.5 ± 0.4 % and 24.0 ± 0.5 %. The cocoon concentration, in the range of 10 g 
L-1 to 50 g L-1, did not showed statistically significance in relation to the extraction yield, but the 
rheological profile change from the Newtonian to the Pseudosplastic behavior due the increase of the 
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sericin concentration in solution. The ultrafiltration process of sericin solution showed 9statistically 
dependence of the sericin amount in solution and of the feed flow rate above 0.03 MPa. The highest 
permeate flux obtained for sericin concentration was 104.6 ± 9.7 kg m-2 h-1 and 42.0 ± 6.1 kg m-2 h-1 to 
transmembrane pressure of 0.015 MPa and 0.07, respectively. The molecular weight distribution of the 
retentate flow presented above of 200 kDa, while in the permeate flow showed molecular groups lower 
than 50 kDa. 
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